JP1995326718A 



1995-12-12 



Bibliographic Fields 

Document Identity 
(19)[*ffH] 
H*B»»Jt(JP) 
(12)[^$fiffl»]l 

(ii)[»m»#] 

#[^¥7-326718 
(43)[ftBBB] 

¥ftt7*(1995)12£l2S 

Public Availability 
(43)[«BUH] 

¥fi£7^(1995)12^12B 
Technical 

H01L27/115 

21/8242 

27/108 

21/8247 

29/788 

29/792 

[FI] 

H01L 27/10 434 
325 R 
29/78 371 

8 

itammm 

OL 

i±mm 

10 



(19) [Publication Office] 

Japan Patent Office (JP) 

(12) [Kind of Document] 

Unexamined Patent Publication (A) 

(11) [Publication Number of Unexamined Application] 

Japan Unexamined Patent Publication Hei 7- 326718 

(43) [Publication Date of Unexamined Application] 

1995(1995) Decembers* 

(43) [Publication Date of Unexamined Application] 
1995(1995) December 12* 

(54) [Title of Invention] 

SEMICONDUCTOR STORAGE DEVICE AND ITS 
MANUFACTURING METHOD 

(51) [International Patent Classification, 6th Edition] 

H01L27/115 

21/8242 

27/108 

21/8247 

29/788 

29/792 

[FI] 

H01L 27/10 434 
325 R 
29/78 371 

[Number of Claims] 
8 

[Form of Application] 
OL 

[Number of Pages in Document] 
10 



Page 1 Paterra® InstantMT® Machine Translation (U.S. Pat. Ser. No. 6,490,548; Pat Pending Ser. No. 10/367,296) 



JP1995326718A 



1995-12-12 



Filing 
[*»**] 
*»# 

(21) [ai«»*] 

#E@¥6-121339 

(22) [HilHB] 
¥fi£6*£(1994)6£2B 

Parties 
Applicants 

(71) [ffiEiA] 

000005223. 

l$^JII!iJI|l^rti+liE±^Ba + 1015Sife 

Inventors 

(72) [«H#] 
[ft*] 



[ttBrXliJ&Hf] 

»3SJH*JHI»r|i4>BK±/hBa + 1015#* 

Agents 
(74)[«SA] 
[#8±] 

Abstract 

(57)[B«] 

[SM] 

£SI::BIU DRAM iiLTt^K) pTtl^^O— r-f 

*©Hiaiatta)-»*Hi:xsT?»fi6'f*c 

to 



[Request for Examination] 
Unrequested 

(21) [Application Number] 

Japan Patent Application Hei 6- 121339 

(22) [Application Date] 
1994(1994) June 2* 



(71) [Applicant] 
[Identification Number] 
000005223 

[Name] 

FUJITSU LTD. (DB 69-053-5281) 

[Address] 

Kanagawa Prefecture Kawasaki City Nakahara-ku 
Kamikodanaka 1015address 

(72) [Inventor] 
[Name] 
Itakura * 
[Address] 

Kanagawa Prefecture Kawasaki City Nakahara-ku 
Kamikodanaka 1015address Fujitsu Ltd. (DB 69-053-5281) * 

(74) [Attorney(s) Representing All Applicants] 

[Patent Attorney] 

[Name] 

Okamoto Keizo 

(57) [Abstract] 
[Objective] 
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[Constitution] 

patterning doing step, aforementioned conductive layer 10 
and aforementioned second insulating layer 9 which on step, 
aforementioned polycrystalline semiconductor layer 6 which 
forms insulating layer 5, polycrystalline semiconductor layer 
6 of first on semiconductor layer 1 of first form second 
insulating layer 9 and conductive layer 10 inorder, in step, 
memory cell region 2 which forms semiconductor element in 
peripheral circuit region theaforementioned conductive layer 
10, aforementioned second insulating layer 9, aforementioned 
polycrystalline semiconductor layer 6 and patterning doing 
insulating layer 5 of aforementioned first , introducing the 
impurity into semiconductor layer 1 of step, aforementioned 
first which on the semiconductor layer 1 of aforementioned 
first forms barrier layer 17, floating gate 18, insulating layer 
19, control gate 20 in order, itincludes step which forms 
source/drain region 21, 22. 



(c) 




Claims 
[ftttfll] 

(18), lft»!(i9)ai/a>hD— K20)fc, 

»7Q— T--r>#y— h(20)®ififfl<DttS-<D 
*3«tll(l)lc»rt*tifcv-x/KU-f>«* 



[Claim(s)] 
[Claim 1] 

barrier layer which was formed on semiconductor layer (1) of 
first of memory cell region (2) (17), floating gate (18), 
insulating layer (19) and control gate (20) with, memory cell 
which consists of source/drain region (2 1 and 22) which was 
formed to semiconductor layer (1) of the said first of both 
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sides of said floating gate (20) (T<sub>2 </sub> ) with, 

semiconductor storage device . which designates that it 
possesses semiconductor element (T<sub>l </sub> ) which 
wasformed on second semiconductor layer (6) which is not a 
single crystal in region other thanaforementioned memory cell 
region (2) as feature 

[Claim 2] 

As for aforementioned barrier layer (17), energy barrier for 
energy band edge of the semiconductor layer ( 1) of 
aforementioned first semiconductor storage device . which is 
stated in the Claim 1 which designates that it consists of small 
substance incomparison with silicon oxide as feature 

[Claim 3] 

As for energy barrier of aforementioned barrier layer (17) 
semiconductor storage device . which isstated in Claim 2 
which designates that they are 1.0 eV or less with 0.5 eV or 
more as feature 

[Claim 4] 

On semiconductor layer (1) of first of first conduction type , 
insulating layer of first (5),step. which forms poly crystalline 
semiconductor layer (6) 

On aforementioned polycrystalline semiconductor layer (6), 
second insulating layer (9) with step, whichforms conductive 
layer ( 1 0) in order 

At least aforementioned conductive layer (10) with patterning 
doing theaforementioned second insulating layer (9), step, 
which forms semiconductor element (T<sub>l </sub> ) in the 
peripheral circuit region (3) 

In memory cell region (2), aforementioned conductive layer 
(10), aforementioned second insulating layer (9), 
aforementioned polycrystalline semiconductor layer (6) and 
by patterning doing insulating layer (5) ofaforementioned 
first , on semiconductor layer (1) of aforementioned first in 
order barrier layer (17), floating gate (18), insulating layer 
( 1 9), Introducing second conduction type impurity into 
semiconductor layer (1) of aforementioned first of both sides 
of step, aforementioned floating gate (19) which forms 
control gate (20), manufacturing method . of semiconductor 
storage device which designates that it possesses the step 
which forms source/drain region (2 1 and 22) as feature 

[Claim 5] 

step, which forms insulating layer (35) of first on 
semiconductor layer (3 1 ) of the first of first conduction type 

step, which removes insulating layer (35) of aforementioned 
first whichamong peripheral circuit region (33) at least is in 
semiconductor element forming region with patterning 
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Specification 

[&HOf¥f»5HI?i] 

[0001] 



As second semiconductor layer (36 a ) of single crystal is 
formed on semiconductor layer (31 ) of theaforementioned 
first of aforementioned peripheral circuit region (33) with 
epitaxial growth ,step. aforementioned second semiconductor 
layer which forms third semiconductor layer (36 b ) which is 
not a single crystal on insulating layer (35) of aforementioned 
first which is memory cell forming region (32) (36 a ) and on 
aforementioned third semiconductor layer (36 b), second 
insulating layer (39) with step, which forms conductive layer 
(40) in order 

At least aforementioned conductive layer (40) with patterning 
doing theaforementioned second insulating layer (39), step, 
which forms semiconductor element (t<sub>l </sub> ) in the 
second semiconductor layer (36 a ) of aforementioned 
peripheral circuit region (33) 

In aforementioned memory cell region (32), aforementioned 
conductive layer (40), theaforementioned second insulating 
layer (39), aforementioned third semiconductor layer (36 b) 
and patterning doing insulating layer (35) of aforementioned 
first , on semiconductor layer (31 ) of theaforementioned first 
in order barrier layer (47), floating gate (48), insulating layer 
(49), Introducing second conduction type impurity into 
semiconductor layer (3 1 ) of aforementioned first of both 
sides of step, aforementioned floating gate (48) which forms 
control gate (50), manufacturing method . of semiconductor 
storage device which designates that it possesses the step 
which forms source/drain region (5 1 and 52) as feature 

[Claim 6] 

Aforementioned second semiconductor layer (36 a) with as 
for third semiconductor layer (36 b ) manufacturing method . 
of the semiconductor storage device which is stated in Claim 
5 which designates that it is formedsimultaneously as feature 

[Claim 7] 

As for aforementioned barrier layer ( 1 7 and 47), energy 
barrier for energy band edge of the semiconductor layer (1 
and 3 1 ) of aforementioned first manufacturing method . of 
semiconductor storage device which isstated in Claim 4 or 5 
which designates that it consists of small substance in 
comparison with silicon oxide as feature 

[Claim 8] 

As for energy barrier of aforementioned barrier layer (17 and 
47) manufacturing method . of semiconductor storage device 
which is stated in Claim 7 which designates that they are 1.0 
eV or less with 0.5 eV or more as feature 



[Description of the Invention] 
[0001] 
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[0002] 

RAM(DRAM)A<fcy, -?-<D5*> I O0> MOS 
>vX$£*T-f & DRAM -feJUirLT^&ttaiS 

-£-*lb<D*-vAv$l£ MOS h^v**©— £ 
[0003] 

jt<0¥3H*fE«3£Mi:LT EEPROM. 75v> 
[0004] 

it. iommizSs&j-xtPis^offlzMn 
EZMzztiz&mitm£mu&z.Z3i* 

ti£7n-7-4>? J T-Hz3.\Z-eZ1]&*>. 
lEL^ltzl>ha-;^^^-^lcg;mE^H]ll^LTh 

[0005] 

lentil* . *^hxi^hD>£ SA-f 



[Field of Industrial Application] 

this invention regards semiconductor storage device and its 
manufacturing method , furthermore details regard 
semiconductor storage device and its manufacturing method 
which have volatile memory . 

[0002] 

[Prior Art] 

There is a dynamic RAM (DRAMs ) as semiconductor 
storage device , there is a stacked type which possesses the 
trench type which possesses capacitor which was formed in 
groove of semiconductor substrate as DRAMs cell which 
possesses MOS transistor of one amongthose and capacitor 
which was formed on semiconductor substrate . 

Those capacitor are connected to source/drain region of one 
side of MOS transistor . 

[0003] 

On one hand, there is a EEPROM , flash memory electron or 
positive hole as semiconductor storage device of structure 
which compilation is done in semipermanent , those memory 
cell have had structure which has floating gate and control 
gate on semiconductor substrate . 

With that kind of memory cell , silicon oxide 
(SiO<sub>2</sub> ) or other oxide film is used as material of 
barrier layer (insulating layer ) which usually, channel region 
(semiconductor layer ) with lies between between the floating 
gate , carrier which compilation is done because of this in 
floating gate is kept in semipermanent . 

[0004] 

for example electron is filled to floating gate , generating hot 
electron which has the energy which jumps over oxide film by 
applying high voltage between the source and drain which is 
both sides method of filling this to floating gate . Or imparting 
doing high voltage in control gate .., method which fills the 
tunnel electron to floating gate is taken. 



[0005] 

[Problems to be Solved by the Invention] 

If it can use element which has that kind of control gate , 
floating gate as volatile memory because it is not necessary to 
provide region which is guaranteedin order to form capacitor 
especially it is a ideal . 

But, according to element in order until recently in floating 
gate of element of structure to keep memory content in 
semipermanent , with method which fills hot electron and it is 
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Z<Dtz£>, EEPROM lCflgffl^ri^47a— t- 
(Dfft^ DRAM i>)\,tLT&mt&Z 

*fc, *©j:3ftaiJS«>^ ; E , J-b;utffliaiHiBa) 
mos h^V7s$t££<WsiiLmv%m?&z: 

[0007] 
[0008] 

[HH£«ft«fc*>a>¥IM 
±BLfcBBl*. @ 3(c) ic«s-r*«k3l=, * 

*tlfc»Bl 17. 7Q-7^>^-h 18. IBti 

1 i9SLf:=i>hP-;uy-h20<t.^a-7 L >f 
20 <Diiffll0>KSg-0>¥3lf*Jf 1 1= 

»«**lfcV-^KU-f >«« 21,22 i^&ft* 



[0009] 

misfsiss n a. frism-o¥»i*« i ©x 



: 17 <Dx*;u^— »ait 
0.5eV &±T? l.OcV JaTT?fc4Ct*»atT4 



necessary imparting to do high voltage of for example 15V 
with method which fills jp7 flannel electron , but because 
neitherexcessively large fill electron current density is 
acquired, In electron implantation time of several ;mu s 
becomes necessary. ~ 

[0006] 

Because of this , that way as DRAMs cell , it is difficult to use 
element of structure which has floating gate , control gate 
which is used for the EEPROM . 



In addition, it is necessary to avoid memory cell of that kind 
of structure and fact that MOS transistor of peripheral circuit 
is formed with completely another step . 

[0007] 

As for this invention considering to situation a this way, being 
something which it is possible, it designates that it offers 
semiconductor storage device and its manufacturing method 
which can form element of element and peripheral circuit 
whichpossess floating gate and control gate with same step as 
objective . 

[0008] 

[Means to Solve the Problems] 

As for problem which you inscribed, as illustrated to Figure 3 
(c ),memory cell T<sub>2 </sub> which consists of barrier 
layer 17, floating gate 18, insulating layer 19 which was 
formed on semiconductor layer 1 of first of memory cell 
region 2 and source/drain region 2 1 , 22 which was formed to 
semiconductor layer 1 of said first of both sides of control 
gate 20 and said floating gate 20 and, It solves with 
semiconductor storage device which designates that it 
possesses semiconductor element T<sub>l </sub> which was 
formed on second semiconductor layer 6 which is not a single 
crystal in region otherthan aforementioned memory cell 
region 2 as feature. — r^—. — 

[0009] 

energy barrier for energy band edge of semiconductor layer 1 
of aforementioned first itsolves aforementioned barrier layer 
1 7, with semiconductor storage device which designates thatit 
consists of small substance in comparison with silicon oxide 
asfeature. 

In case of this , energy barrier of aforementioned barrier layer 
1 7 is the semiconductor storage device which designates that 
they are 1.0 eV or less with 0.5 eV or moreas feature. 

Or, as illustrated to Figure 1 -Figure 3 , on semiconductor 
layer 1 of first of the first conduction type , on step, 
aforementioned noncrystalline semiconductor layer 6 which 
forms insulating layer 5, poly crystal line semiconductor layer 
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[0011] 



6 of the first , step, which forms second insulating layer 9 and 
conductive layer 10 in order at least patterning doing 
aforementioned conductive layer 10 and aforementioned 
second insulating layer 9, in step, memory cell region 2 which 
forms semiconductor element T<sub>l </sub> in peripheral 
circuit region 3, In patterning doing insulating layer 5 of 
aforementioned conductive layer 10, aforementioned second 
insulating layer 9, aforementioned poly crystal line 
semiconductor layer 6 and aforementioned first depending, 
Introducing second conduction type impurity into 
semiconductor layer 1 of aforementioned first of both sides of 
step, aforementioned floating gate 19 which on semiconductor 
layer 1 of theaforementioned first forms barrier layer 17, 
floating gate 18, insulating layer 19, control gate 20 in order, 
it solves with the manufacturing method of semiconductor 
storage device which designates that it possesses step 
whichforms source/drain region 21, 22 as feature. 

[0010] 

Or, as illustrated to Figure 4 -Figure 6 , as second 
semiconductor layer 36a of single crystal is formedon 
semiconductor layer 3 1 of aforementioned first of 
aforementioned peripheral circuit region 33 with step, 
epitaxial growth which is removed among step, peripheral 
circuit region 33 which form insulating layer 35 of first on 
semiconductor layer 3 1 of first of first conduction type at least 
insulating layer 35 of aforementioned first which is 
semiconductor element forming region with patterning , On 
step, aforementioned second semiconductor layer 36a and 
aforementioned third semiconductor layer 36b whichform 
third semiconductor layer 36b which is not a single crystal on 
insulating layer 35 of aforementioned first which is memory 
cell forming region 32, step, which forms second insulating 
layer 39 and the conductive layer 40 in order at least 
patterning doing aforementioned conductive layer 40 
andaforementioned second insulating layer 39, in step, 
aforementioned memory cell region 32 whichforms 
semiconductor element t<sub>l </sub> in second 
semiconductor layer 36a of aforementioned peripheral circuit 
region 33, patterning doing insulating layer 35 of 
aforementioned conductive layer 40, aforementioned second 
insulating layer 39, aforementioned third semiconductor layer 
36b and aforementioned first , introducing second conduction 
type impurity into semiconductor layer 3 1 of aforementioned 
first of both sides of step, aforementioned floating gate 48 
which on semiconductor layer 3 1 of theaforementioned first 
forms barrier layer 47, floating gate 48, insulating layer 49, 
control gate 50 in order, it solves with the manufacturing 
method of semiconductor storage device which designates 
that it possesses step whichforms source/drain region 51, 52 
as feature. 

[0011] 
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It solves aforementioned second semiconductor layer 36a and 
third semiconductor layer 36b with manufacturing method of 
the semiconductor storage device which designates that it is 
formed simultaneously as feature. 

energy barrier for energy band edge of semiconductor layer 1, 
3 1 of aforementioned first itsolves aforementioned barrier 
layer 17, 47, with manufacturing method of semiconductor 
storage device whichdesignates that it consists of small 
substance in comparison with the silicon oxide as feature. 

In case of this , it solves energy barrier of aforementioned 
barrier layer 17, 47 with manufacturing method of 
semiconductor storage device which designates that they are 
1 .0 eV or less with 0.5 eV or more as feature. 

[0012] 

[Working Principle] 

According to this invention , when forming memory cell 
which possesses the floating gate and control gate , 
configuration is done try floating gate and control gate touse 
semiconductor layer which as film which peripheral circuit 
element configuration is done. 

Therefore, when forming peripheral circuit element , film 
formation step decreases. 

[0013] 

In addition, after removing insulating layer under 
semiconductor layer which floating gate configuration is 
done, epitaxial growth try to do semiconductor layer which 
floating gate the configuration is done in peripheral circuit 
region . 

Because of this , because to single crystal it converts 
semiconductor layer which floating gate configuration is done 
in peripheral circuit region , element characteristic of 
semiconductor element whichis formed here becomes good, 
makes high speed operation of [momeriseru ] possible. 

[0014] 

By way, according to this invention , energy barrier for 
energy band edge of the semiconductor layer which becomes 
channel region barrier layer of memory cell configuration is 
donewith small material in comparison with silicon oxide . 

Because of this , it becomes possible, with low voltage to fill 
the carrier of large amount to floating gate in short time , at 
same time, with low voltage , short time can discharge carrier 
from floating gate . 

[0015] 

required time greatly is shortened to fill and discharge of the 
carrier as material of barrier layer , energy barrier height for 
energy band edge of semiconductor layer when substance , for 



Page 9 Paterra® InstantMT® Machine Translation (U.S. Pat. Ser. No. 6,490,548; Pat. Pending Ser. No. 10/367,296) 



JP1995326718A 

(Dffi^B#rBlliS<'S'5A < . DRAM tLT 

[0016] 

cm i \~m 3 14, *%w<nm i hjs 

[0017] 

rr , s i(a) ic^-r«fe9ic. P s©'>'j3>sfi 
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g£Utv'J=l>(£ -SiC)B 5 £ lOnm (DmZlzM 
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example ;be crystal silicon carbide of 1 .0 eV or less is used 
with 0.5 eV or more, in comparison with past. 

retention time of carrier becomes short, but in order to use as 
DRAMs there is not a problem . 

[0016] 

[Working Example(s)] 

Then, Working Example of this invention based on the 
drawing is explained below. 

(first Working Example ) Figure 1 -Figure 3 is sectional view 
which shows production step of semiconductor storage device 
whichshows first Working Example of this invention . 

[0017] 

field oxide film 4 is formed because of element separation 
with selective oxidation method first, asshown in Figure 1 
(a ), silicon substrate of p-type (semiconductor layer ) in 
memory cell forming region 2 and the peripheral circuit 
forming region 3 of 1. 

As next, shown in Figure I (b ),;be crystal silicon carbide (;be 
-SiC ) layer 5 is formed in the thickness of 10 nm with CVD 
method , continuously polycrystalline silicon layer 6 of first is 
formed in thickness of 160 nm . 

The;be -SiC it formed layer 5, with growth temperature 900 
deg C s growth time 1 min disilane which is diluted with 
hydrogen (Si<sub>2<ysub>H<sub>6 </sub> ) with making 
use of the acetylene (C<sub>2</sub>H<sub>2</sub> ). 

It formed polycrystalline silicon layer 6 of first , with vacuum 
CVD of 600 deg C, 0.4Torr makinguse of monosilane 
(SiH<sub>4</sub> ). 

[0018] 

After that, as shown in Figure 1 (c ), resist 7 of first 
application is done on polycrystalline silicon layer 6, 
exposing and window 7a is formed in peripheral circuit 
forming region 3 bydevelop this, polycrystalline silicon layer 
6 is exposed from window 7a. 

And, through window 7a of resist 7 of first , with condition of 
acceleration energy *20keV , dose IX 10<sup>13</sup>/cm 
<sup>2 </sup> boron (B<sup>+ </sup> ) ion implantation 
was done in polycrystalline silicon layer 6 of peripheral 
circuit forming region 3. 

[0019] 

Furthermore, after removing resist 7 of first , as shown in the 
Figure 1 (d ), application doing second resist 8, exposing and 
developing this itforms window 8a in memory cell forming 
region 2. 
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And, through window 8a, with condition of acceleration 
energy *20keV , dose IX 10<sup>15</sup>/cm <sup>2 
</sup> phosphorus (P<sup>+ </sup> ) the ion implantation 
was done in polycrystalline silicon layer 6 of memory cell 
forming region 2. " 

Next, second resist 8 it peeled off. 

[0020] 

As next, shown in Figure 2 (a ), silicon nitride after growing, 
oxidation doing surface with CVD , silicon oxy nitride layer 
(ONO layer ) 9 it grows. 

As for film thickness of ONO layer 9, capacity between 
control gate 20 and the floating gate 18, capacity between 
floating gate 17 and silicon substrate 1 2 -fold makes the 
thickness , for example lOnm which becomes in Figure 3 (c ). 

[0021] 

Consequently, on ONO layer 9 second polycrystalline silicon 
layer 10 is formed in thickness of 160 nm with CVD . 

It makes growth condition , same as growth condition of 
polycrystalline silicon layer 6 of first . 

After that, with condition of acceleration energy *20keV , 
dose 4X 10<sup>15</sup>/cm <sup>2 </sup> phosphorus 
(P<sup>+ </sup> ) ion implantation is done in second 
polycrystalline silicon layer 10. 

[0022] 

As next, shown in Figure 2 (b ), application doing third resist 
1 1 on the second polycrystalline silicon layer 10, it exposes, 
develops this, exposes second polycrystalline silicon layer 10 
of source/drain region of transistor inside peripheral circuit 
forming region 2 because of this. 

In case of this , it covers also portion which it tries to form 
gate electrode of transistor with third resist 1 1 . 

[0023] 

Consequently, as shown in Figure 2 (c ), second 
polycrystalline silicon layer 10 and ONO layer 9 the etching 
are done with third resist 1 1 as mask , gate electrode 12 which 
consistsof second polycrystalline silicon layer 10 in transistor 
forming region and gate insulating film 13 which consists of 
ONO layer 9 are formed. 

After that, arsenic (As<sup>+ </sup> ) ion implantation is 
done in polycrystalline silicon layer 6 of first with third resist 
1 1 as mask . 

Case of ion implantation as for acceleration energy * as for 30 
keV , dose it makes 5 X 10<sup>15</sup>/cm <sup>2 
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</sup>. 

source layer 14, drain layer 15 is formed in polycrystalline 
silicon layer 6 of first of both sides of gate electrode 12 by 
activating arsenic which this ion implantation isdone. 

Because of this nMOS transistor T<sub>l </sub> was formed 
to peripheral circuit forming region 2. 

surface layer of polycrystalline silicon layer 6 of first of 
directly below of gate electrode 12 of the this nMOS 
transistor T<sub> 1 </sub> becomes channel region . 

[0024] 

As next, third resist 1 1 after peeling off, shown in Figure 3 
(a ),furthermore application doing resist 16 of fourth , 
exposing anddeveloping this patterning it does resist 16 of 
fourth . 

pattern of resist 16 of fourth , as nMOS transistor T<sub>l 
</sub> of peripheral circuit forming region 2 iscovered, 
exposes periphery . 

Furthermore, gate electrode forming region of transistor 
which is formed to memory cell forming region 3 with resist 
16 of fourth is covered. 

[0025] 

The;be -SiC each layer up to of layer 5 is removed from 
second polycrystalline silicon layer 10 of region where resist 
16 of fourth is removed and, by developmentwith for example 
reactive ion etching (RIE ). 

Because of this with memory cell forming region 3, the;be 
-SiC control gate 20 which consistsof insulating layer 19, 
second polycrystalline silicon 10 which consists of floating 
gate 18, ONO film 9 which consists of polycrystalline silicon 
layer 6 of barrier layer 17, first which consists of layer 5 to be 
formed, furthermore, the surface of silicon substrate 1 exposes 
in those periphery . 

Furthermore, with peripheral circuit forming region 2 nMOS 
transistor T<sub>l </sub> exposing field oxide film 2 of 
periphery at least, it does element separation . 

[0026] 

this way the;be -SiC after finishing patterning up to of layer5, 
arsenic ion implantation is done in silicon substrate 1 of both 
sides of floating gate 18 with resist 16 and field oxide film 2 
of fourth as mask . 

ion implantation acceleration energy * does 30 keV , dose as 
5 X 10<sup>15</sup>/cm <sup>2 </sup> source layer 21, 
drain layer 22 is formed to both sides of floating gate 18 by 
activating arsenic . 
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Is formed at floating gate 18, control gate 20, source/drain 
layer DRAMs cell T<sub>2 </sub> such as 21 above and 22. 

With this transistor T<sub>2 </sub> surface Jayer of silicon 
substrate 1 of floating gate 18directly below becomes channel 
region . 

[0027] 

Furthermore, resist 16 of fourth is removed after ion 
implantation . 

As next, shown in Figure 3 (b ), after forming interlayer 
insulating film 23 which consistsof SiO<sub>2</sub> with 
CVD , patterning doing this in entirety , source/drain layer on 
14 of nMOS transistor T<sub>l </sub> and 15 and 
source/drain layer on 21 of DRAMs cell T<sub>2 </sub> 
and22, it forms contact hole 24a, 24b, 25a, 25b respectively. 

[0028] 

After after this , forming aluminum in entirety with 
sputter .patterning doing this with photolithography , as 
shown in Figure 3 (c ), source/drain layer 14 and 15, it forms 
electrode 26-29 which is connected to 2 1 and 22. 

Between silicon substrate 1 and floating gate 18 barrier layer 

17 which consists of the;be-SiC is formed in DRAMs cell 
T<sub>2 </sub> which was formed like above by the step . 

As for barrier layer 17 which consists of this ;be -SiC , energy 
barrier for conduction band electron of silicon substrate 1 in 
comparison with that it was formed by the SiO<sub>2</sub> 
becomes small. 

[0029] 

Therefore, imparting doing voltage between source * drain , 
when it fills hot electron to floating gate 18, or imparting does 
Voltage in control gate 20 andfills tunnel electron to floating 
gate 18, be able to fill electron of large amount with low 
voltage in comparison with element which is used for the 
EEPROM , furthermore to make required time small in fill, 
furthermore, Making electron which was filled in floating 
gate 18 easy, to come out to outside it can make elimination 
time short. 

[0030] 

In addition, because with Working Example which was 
inscribed, capacity between control gate 20 and floating gate 

18 has tried to become, capacity between floating gate 18 and 
silicon substrate 1 (channel region ) approximately 2 -fold , 
2/3 of voltage which imparting makes between control gate 
20 and channel region catches between channel region and 
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floating gate 20. 
[0031] 

And, imparting doing voltage of 3 V between control gate 20 
and the silicon substrate 1 (channel region ), when if filled" 
electron to floating gate 18, be able to fill attime within 10 
ns , furthermore, as for threshold voltage with control gate 20 
after filling, 0.5 it became V high in comparison with when 
ituses SiO<sub>2</sub> as barrier layer 2, it understood that 
injected amount of electron increased. 

In addition, also electron discharge time from floating gate 18 
where electron was filledwithin 10 ns , it was possible to do. 

[0032] 

By way, when nMOS transistor T<sub>l </sub> in peripheral 
circuit forming region 2 is formed, to use second 
polycrystalline silicon film 10 which configuration does 
control gate 20 as material of gate electrode 12, because the 
ONO film 9 under control gate 20 is used in addition as 
material of gate insulating film 13,growth step of film which 
configuration does nMOS transistor T<sub>l </sub> 
isabbreviated. 

[0033] 

Therefore, production step of nMOS transistor T<sub>l 
</sub> is done simplification . 

(second Working Example ) Figure 4 -Figure 6 is sectional 
view which shows production step of semiconductor storage 
device whichshows second Working Example of this 
invention . 

field oxide film 34 is formed because of element separation 
with selective oxidation method first, asshown in Figure 4 
(a ), silicon substrate of p-type (semiconductor layer ) in 
memory cell forming region 32 and the peripheral circuit 
forming region 33 of 3 1 . 

[0034] 

As next, shown in Figure 4 (b ),;be crystal silicon carbide (;be 
-SiC ) layer 35 is formed in the thickness of 10 nm with CVD 
method . 

The;be -SiC it formed layer 5, with growth temperature 900 
deg C, growth time 1 min disilane which is diluted with 
hydrogen (Si<sub>2</sub>H<sub>6 </sub> ) with making 
use of the acetylene (C<sub>2</sub>H<sub>2</sub> ). 

As after this , shown in Figure 4 (b ), the; be -SiC patterning 
doing layer 5 with photolithography , it removes from 
peripheral circuit 33. 

[0035] 
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As next, shown in Figure 4 (c ), as silicon layer 36a of single 
crystal theselective epitaxial growth is done on silicon 
substrate 3 1 with CVD , field oxide film 34 andthe;be -SiC 
silicon layer 36b of polycrystalline it grows with respect to 
layer32. 

growth temperature 800 deg C, growth atmosphere are 
designated as 0.4 Torr silicon layer 36a, 36b when growing, 
making use of SiH<sub>4</sub> as growth gas , film 
thickness is designated as 160 nm . 

[0036] 

Consequently, resist 37 of first application is made on silicon 
layer 36a, 36b,exposing and window 37a is formed in 
peripheral circuit forming region 33 by develop this, the 
polycrystalline silicon layer 36 is exposed from window 37a. 

And, through window 37a of resist 37 of first , with condition 
of acceleration energy *20keV , dose IX 
10<sup>13</sup>/cm <sup>2 </sup> boron (B<sup>+ 
</sup> ) ion implantation was designated as polycrystalline 
silicon layer 36a of the single crystal of peripheral circuit 
forming region 33. 

[0037] 

Furthermore, after removing resist 37 of first , as shown in the 
Figure 4 (d ), application doing second resist 38, exposing and 
developing this itforms window 38a in memory cell forming 
region 32. 

And, through window 38a, with condition of acceleration 
energy *20keV , dose IX 10<sup>15</sup>/cm <sup>2 
</sup> phosphorus (P<sup>+- </sup> ) the ion implantation 
was designated as silicon layer 36b of memory cell forming 
region 32. 

Next, second resist 38 it peeled off. 
[0038] 

As next, shown in Figure 5 (a ), silicon nitride after growing, 
oxidation doing surface with CVD , silicon oxy nitride layer 
(ONO layer ) 39 it grows. 

As for film thickness of ONO layer 39, capacity between 
control gate 50 and the floating gate 48, capacity between 
floating gate 48 and silicon substrate 3 1 2 -fold makes the 
thickness , for example lOnm which becomes in Figure 6 (c ). 

[0039] 

Consequently, on ONO layer 39 polycrystalline silicon layer 
40 is formed in thickness of 160 nm with CVD . 

Growth condition growth temperature designates 600 deg C, 
growth atmosphere as 0.4 Torr making use of 
SiH<sub>4</sub> as growth gas , designates the film 
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thickness as 1 60 nm . 

After that, with condition of acceleration energy *20keV , 
dose 4X 10<sup>15</sup>/cm <sup>2 </sup> phosphorus 
(R<sup>+ </sup> ) ion implantation isdesignated as 
polycrystalline silicon layer 40. 

[0040] 

As next, shown in Figure 5 (b ), application making third 
resist 41 on the polycrystalline silicon layer 40, it exposes, 
develops this, it forms pattern which exposes the 
polycrystalline silicon layer 40 of source/drain region of 
transistor of peripheral circuit forming region 32. 

In case of this , gate electrode forming region of transistor is 
covered by third resist 41. 

[0041] 

Consequently, as shown in Figure 5 (c ), second 
polycrystalline silicon layer 40 and ONO layer 39 the etching 
are done with third resist 41 as mask , gate electrode 42 which 
consistsof second polycrystalline silicon layer 40 in transistor 
forming region and gate insulating film 43 which consists of 
ONO layer 39 are formed. 

After that, arsenic (As<sup>+- </sup> ) ion implantation is 
done in silicon layer 36a of single crystal with third resist 1 1 
as mask . 

Case of ion implantation as for acceleration energy * as for 30 
keV , dose it makes 5 X 10<sup>15</sup>/cm <sup>2 
</sup>. 

source layer 44, drain layer 45 is formed in single crystal 
silicon layer 36a of both sides of gate electrode 42 by 
activating arsenic which this ion implantation is done. 

Because of this nMOS transistor t<sub>l </sub> was formed 
to peripheral circuit forming region 2. 

surface layer ofsilicon layer 36a of single crystal of directly 
below of gate electrode 42 of the this nMOS transistor 
t<sub>l </sub> becomes channel region . 

[0042] 

As next, third resist 41 after peeling off, shown in Figure 6 
(a ), furthermore application doing resist 46 of fourth , 
exposing anddeveloping this patterning it does resist 46 of 
fourth . 

pattern of resist 46 of fourth nMOS transistor t<sub>! </sub> 
of peripheral circuit forming region 32 exposes thecover and 
periphery . 

Furthermore, try to cover gate electrode forming region of 
transistor which is formed to memory cell forming region 33 
by resist 46 of fourth . 
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[0043] 

The;be -SiC each layer up to of layer 35 is removed from 
polycrystalline silicon layer 40 of region where resist 46 of 
fourth-is removed and, bydevelopment with for example 
reactive ion etching (RIE ). 

Because of this with memory cell forming region 43, the;be 
-SiC control gate 50 which consistsof insulating layer 49, 
polycrystalline silicon 40 which consists of floating gate 48, 
ONO film 39 which consists of silicon layer 36b of barrier 
layer 47, polycrystalline which consists of layer 35 to be 
formed, furthermore, the surface of silicon substrate 31 
exposes in those periphery . 

Furthermore, with peripheral circuit forming region 32 nMOS 
transistor t<sub>l </sub> exposing field oxide film 32 of 
periphery at least, it does element separation . 

[0044] 

this way the;be -SiC after finishing patterning up to of 
layer35, arsenic ion implantation is done in silicon substrate 
3 1 of both sides of floating gate 48 with resist 46 and field 
oxide film 32 of fourth as mask . 

ion implantation acceleration energy * does 30 keV , dose as 
5 X 10<sup>15</sup>/cm <sup>2 </sup> source layer 51, 
drain layer 52 is formed to both sides of floating gate 48 by 
activating arsenic . 

Is formed at floating gate 48, control gate 50, source/drain 
layer DRAMs cell t<sub>2 </sub> such as 51 above and 52. 

With this transistor t<sub>2 </sub> surface layer of silicon 
substrate 3 1 of floating gate 48directly below becomes 
channel region . 

[0045] 

Furthermore, resist 46 of fourth is removed after ion 
implantation . 

As next, shown in Figure 6 (b ), after forming interlayer 
insulating film 53 which consistsof SiO<sub>2</sub> with 
CVD , patterning doing this in entirety , source/drain layer on 
44 of nMOS transistor t<sub>l </sub> and 45 and, 
source/drain layer it forms contact hole 54a, 54b, 55a, 55b 
respectively on 51 of DRAMs cell t<sub>2 </sub> and 52. 

[0046] 

After after this , forming aluminum in entirety with 
sputter , patterning doing this with photolithography , as 
shown in Figure 6 (c ), in source/drain layer it forms electrode 
56-59 which is connected 44, 45, 5 1 and 52. 
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Between silicon substrate 31 and floating gate 48 barrier layer 

47 which consists of the;be-SiC is formed in DRAMs cell 
t<sub>2 </sub> which was formed like above by the step . 

As for barrier layer 47 which consists of this ;be -SiC , energy 
barrier for conduction band electron of silicon substrate 3 1 in 
comparison with that it was formed by the SiO<sub>2</sub> 
becomes small. 

[0047] 

Therefore, imparting doing voltage between source *drain , 
when it fills hot electron to floating gate 48, or imparting does 
voltage in control gate 50 andfills tunnel electron to floating 
gate 48, be able to fill electron of large amount with from low 
voltage in comparison with element which is used for the 
EEPROM , furthermore to make required time small in fill, 
furthermore, Making electron which was filled in floating 
gate 48 easy, to come out to outside it can make elimination 
time short. 

[0048] 

In addition, because with Working Example which was 
inscribed, capacity between control gate 50 and floating gate 

48 has tried to become, capacity between floating gate 48 and 
silicon substrate 31 (channel region ) approximately 2 -fold , 
2/3 of voltage which imparting makes between control gate 
50 and channel region catches between channel region and 
floating gate 48. 

[0049] 

And, imparting doing voltage of 3 V between control gate 50 
and the silicon substrate 3 1 (channel region ), when it filled 
electron to floating gate 48, be able to fill attime within 10 
ns , furthermore, as for threshold voltage with control gate 50 
after filling, 0.5 it became V high in comparison with when 
ituses SiO<sub>2</sub> as barrier layer 47, it understood that 
injected amount of electron increased. 

In addition, also electron discharge elimination time from 
floating gate 48 where the electron was filled within 10 ns , it 
was possible to do. 

[0050] 

By way, when nMOS transistor t<sub>l </sub> in peripheral 
circuit forming region 32 is formed, because portion of film 
which is used for DRAMs cell t<sub>2 </sub> is utilized, be 
able toabbreviate formation process of film which 
configuration does nMOS transistor t<sub> 1 </sub>, the 
production step is done simplification . 

Furthermore, when silicon layer 36b which configuration does 
floating gate 48 is formed,because it has made growth 
condition which epitaxial growth is done, becausethe;be -SiC 
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[XBl©^*] 



silicon layer 36a of single crystal is formed to surface of the 
silicon substrate 3 1 of peripheral circuit forming region 33 
where layer 35 is removed simultaneously, crystalline of 
channel region of nMOS transistor t<sub>l </sub> of 
peripheral circuit forming region 33"improves in comparison 
with the first Working Example , from operation of transistor 
becomes high speed , transistor characteristic becomes good. 

Because of this, above-mentioned step is suitable for 
theproduction of memory where high speed operation is 
necessary. 

(Other Working Example ) With Working Example which 
was inscribed the;be -SiC is used as the material of barrier 
layer 17, 47, but when carrier is electron , height of the energy 
barrier for conduction band of silicon substrate 
(semiconductor layer ) 0.5 eV or more, making use ofother 
substance of 1 .01 eV or less it is good, It is possible to use 
compound which selects mixing ratio of for example silicon 
and carbon and nitrogen appropriately the;be -SiC as other 
substance . 

At least, if energy barrier for conduction band electron of 
semiconductor layer which becomes the channel region , is 
small in comparison with silicon oxide which is used 
untilrecently electron from floating gate 18, 48 is likely, to be 
filled at sametime is likely to come out 

[0051] 

According to element which is this way, because region 
which the compilation does carrier is settled inside forming 
region of transistor , the surface area of DRAMs cell 
becoming small, it can assure high densification . 

In addition, you explained with Working Example which was 
inscribedconcerning element of structure which fills electron 
to floating gate ,but when structure which fills positive hole is 
formed, it is possiblethat energy barrier between floating gate 
and channel region becomes small. 

T962] 

Furthermore, with Working Example which was inscribed, 
nMOS transistor is formedin peripheral circuit forming 
region , but it is good even with p-type MOS transistor and, it 
forms the bipolar transistor other semiconductor element and 
is good. 

Furthermore, with Working Example which was inscribed, 
ONO layer is used as insulating layer between floating gate 
and control gate , but considering characteristic of MOS 
transistor of silicon oxide film , peripheral circuit region , it 
forms with other insulating layer and is good. 

[0053] 

[Effects of the Invention] 
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As above expressed, according to this invention , when 
forming memory cell which possesses floating gate and 
control gate , because it has tried to use semiconductor layer 
which configuration does floating gate and control gate , as 
film which configuration does peripheral circuit element 
when forming peripheral circuit element , it can make the film 
formation step little. 

[0054] 

In addition, after removing insulating layer under 
semiconductor layer which configuration does floating gate , 
because epitaxial growth it tries to do semiconductor layer 
which the floating gate configuration is done in peripheral 
circuit region , to single crystal it converts the semiconductor 
layer which configuration does floating gate in peripheral 
circuit region , element characteristic of the semiconductor 
element which is formed here becomes good, makes high 
speed operation of [momeriseru Jpossible. 

[0055] 

According to another this invention , because energy barrier 
for energy band edge of the semiconductor layer which 
becomes channel region barrier layer of memory cell 
configuration is done with small material in comparison with 
silicon oxide , to become possibleto fill carrier of large 
amount to floating gate with low voltage ,furthermore 
elimination time of carrier can be made short. 

It can function in fully as material of barrier layer , because 
the substance , for example ;be crystal silicon carbide of 1.0 
eV or less is used with 0.5 eV or more,furthermore also 
elimination time becoming short, with energy barrier height 
for energy band edge of semiconductor layer as volatile 
memory in comparison with past greatly be able to shorten 
required time to carrier injection . 

[Brief Explanation of the Drawing(s)] 

[Figure I] 

It is a sectional view (That 1) which shows production step of 
first Working Example of this invention . 

[Figure 2] 

It is a sectional view (That 2) which shows production step of 
first Working Example of this invention . 

[Figure 3] 

It is a sectional view (That 3) which shows production step of 
first Working Example of this invention . 

[Figure 4] 

It is a sectional view (That 1) which shows production step of 
second Working Example of this invention . 
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[Figure 5] 

It is a sectional view (That 2) which shows production step of 
second Working Example of this invention . 

[Figure 6] "** 

It is a sectional view (That 3) which shows production step of 
second Working Example of this invention . 

[Explanation of Symbols in Drawings] 

1 

silicon substrate (semiconductor layer ) 
10 

noncrystalline silicon layer (conductive layer ) 
12 

gate electrode 
13 

gate insulating film 
14 

source layer 
15 

drain layer 
17 

barrier layer 
18 

floating gate 
19 

insulating layer 
2 

memory cell forming region 
20 

control gate 
21 

source layer 
22 

drain layer 
3 

peripheral circuit forming region 
31 
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silicon substrate (semiconductor layer ) 
32 

memory cell forming region 
33 

peripheral circuit forming region 
35 

;be -SiC layer (insulating layer ) 
36a 

silicon layer (semiconductor layer of single crystal ) 
36b 

silicon layer (semiconductor layer which is not a single 
crystal ) 

39 

ONO layer (insulating layer ) 
40 

poly crystal line silicon layer (conductive layer ) 
42 

gate electrode 
43 

gate insulating film 
44 

source layer 
45 

drain layer 
47 

barrier layer 
48 

floating gate 
49 

insulating layer 
5 

;be -SiC layer (insulating layer) 
50 

control gate 
51 
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source layer 
52 

drain layer 
6 

polycrystalline silicon layer (polycrystalline semiconductor 
layer ) 

9 

ONO layer (insulating layer ) 
[Figure 1] 




4 p 




6 5 4 

P 



[02] [Figure 2] 



JP1995326718A 

7-XJf 
52 

6 
9 

ono ndfitsM) 

Drawings 
[01] 




Page 23 Paterra® InstantMT® Machine Translation (U.S. Pat. Ser. No. 6,490,548; Pat. Pending Ser. No. 10/367,296) 






m3] 



[Figure 3] 
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[Figure 5] 
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